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FOREWORD

This volume has been prepared for the Functional Integration Section,
Systems Integration and Operations Branch, Vehicle Systems Division, Propul-
sion and Vehicle Engineering Laboratory, by the Engineering Communications
Department, Chrysler Corporation Space Division, under contract number
NAS8-4016.

The following series, of which this volume is a part, functionally de-
scribes the mechanical and electromechanical systems of Saturn I, SA-7 space
vehicle and Launch Complex 37:

Volume I. RP-1 Fuel System

Volume II. LOX System

Volume III. LH2 System

Volume IV, Nitrogen and Helium Storage Facility
Volume V. Pneumatic Distribution System

Volume VI. Environmental Control System

Volume VII. Launch Pad Accessories

Volume VIII. H-1 Engine and Hydraulic System

Volume IX. RL10A-3 Engine and Hydraulic System
Volume X. Separation and Flight Termination Systems
Volume XI. Supplement: Legend and Composite Schematic

Each volume contains mechanical schematics and a list of applicable finding
numbers,

Volume VII describes those components that are active during launch
operations: the umbilical tower swing arms, short cable masts, fuel and LOX
masts, and holddown arms. This volume specifically excludes launch pad acces-
sories for the payload (Apollo Spacecraft) and maintenance and checkout pro-
cedures. Only information available by December 5, 1963, has been included.

iii
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1. UMBILICAL TOWER SWING ARMS

1.1. Swing Arm Description

Three swing arm assemblies on the umbilical tower (figure 1) support the
electrical cables, hydraulic and pneumatic lines, and air conditioning ducts
that service the S-I stage, the S-IV stage, and the instrument unit of the
Saturn vehicle during prelaunch operations. Swing arm number one, located
between the 108 and 118 foot levels, services the S-I stage; number two, be-
tween the 128 and 138 foot levels, the S-IV stage; and number three, between
the 158 and 168 foot levels, the instrument unit. Swing arm number two also
supports the S-IV stage propellant loading lines. At vehicle liftoff, the
umbilical housings and connector plate disconnect from the vehicle and the
swing arms rotate laterally out of the vehicle flight path.

Solenoid~-controlled pneumatic pressure actuates the umbilical housing
release mechanism and the kickoff cylinders, releasing the umbilical housings
and pushing them away from the vehicle. The swing arms are rotated away from
the vehicle by hydraulic rotary actuators. The hydraulic systems are filled
by a hydraulic power cart located in automatic ground control station and are
pressurized by pneumatic pressure from valve panel 5. Automatic release of
the umbilical housings and rotation of the arms at liftoff is initiated by a
liftoff switch on the holddown arms; however, each swing arm can be operated
from a control panel located on the tower adjacent to that arm.

Each swing arm system consists of a basic arm, hinge assembly, quick-
release mechanism, rotary actuator assembly, bumper assembly, and control
panel.

1.1.1. Basic Arm. The basic arm is a four-sided truss structure with
an attachment plate assembly at each end. The main attachment plate is secured
to the tower by a hinge assembly. The plate on the vehicle end of the basic
arm attaches extension arms to swing arms number two and three. A sheet metal
tray supports the various service lines on the swing arm.

1.1.2. Hinge Assembly. The hinge assembly connects to the back plate
weldment that attaches to the umbilical tower. The rotating elements of the
assembly contain twin-row, spherical, self-aligning roller bearings with
spacers on either side of each bearing race. A lock-pin assembly on the
bottom hinge holds the arm in the servicing position, preventing arm rotation.




The lock-pin cylinder contains a compression coil spring, which holds the pis-
ton in the extended (locked) position until hydraulic pressure is applied.

When the lock-pin is retracted, it mechanically opens a ball valve in the hy-
draulic supply line. This valve ensures that the lock-pin is retracted and the
swing arm is free to rotate before hydraulic pressure is applied to the lanyard
retract cylinder and the rotary actuator unit.

A ball valve on the stationary part of the top hinge is actuated by a
cam plate that rotates with the top hinge. As the arm rotates away from the
vehicle, the cam closes the ball valve and restricts flow in the hydraulic
return line, thus decelerating the arm prior to arm contact with the bumper
assembly.

1.1.3. Quick-Release Mechanism. The quick-release mechanism at the
outer extremity of the swing arm assembly connects and secures service lines
to the vehicle during ground servicing operations, and releases and ejects
these lines at vehicle liftoff. Due to the number and size of the service
lines, arms one and three employ a quick-release housing. A ball-lock assem-
bly, positioned in a lock ring, secures the housing to the vehicle umbilical
plate. Two housing support legs resting on vehicle pin devices help support
the weight of the housing and synchronize the release of the couplings at
disconnect. At liftoff, pneumatic pressure retracts the lock pin and actuates
four kick-off pistons, separating the housing from the vehicle. Arm number
two uses a connector plate assembly secured to the vehicle by two ball-lock
kickoff cylinders. The ball-lock cylinders are positioned on and locked to two
retaining knobs on the vehicle umbilical plate., At liftoff, pneumatic pres-
sure actuates the ball-lock kickoff cylinders and separates the connector plate
from the vehicle,

The GHy vent line, installed on swing arm number three, is connected to
the S-IV stage by a 6-inch quick-disconnect coupling assembly. The coupling
is secured to the stage by a spring-lock assembly inside the coupling. At
liftoff, pneumatic pressure actuates two kickoff cylinders, attached to the
outer shell of the coupling assembly, which separate the vent line from the
vehicle,

In the event pneumatic pressure fails to release any of the umbilical
connectors from the vehicle, they are mechanically released by the pull of
the lanyard retract cables, which connect to a hydraulic cylinder and piston
assembly. When the swing arm lock pin is retracted, it opens a ball valve
in the hydraulic supply line and allows hydraulic pressure to force the pis-
ton to the bottom of the lanyard retract cylinder. The downward force of
the piston, acting through the lanyard cables, pulls the umbilical housing
(or connector plate) away from the vehicle.

1.1.4. Rotary Actuator Assembly. The hydraulic rotary actuator assembly
provides the necessary torque to rotate the swing arm from the servicing posi-
tion to the retracted position (against the tower) quickly enough to prevent
the vehicle from striking the swing arm at liftoff,

-
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The rotac (hydraulic rotary actuator) consists of a cylindrical housing
that contains a fixed vane and, attached to a shaft, a rotary vane. These
vanes extend radially outward from the center of the cylinder to the cylinder
wall, dividing the cylinder into two parts. The hydraulic supply line connects
to one part and the hydraulic return line connects to the other., As hydraulic
pressure acts against the supply side of the cylinder, the rotary vane and
its shaft in the center of the cylinder are forced to rotate. The shaft is
rigidly attached to the basic arm structure; therefore, the rotating shaft
swings the arm away from the vehicle. With a pressure differential of 1500
psig between the two sections of the rotac cylinder, the rotac develops
210,000 inch-pounds of torque.

1.1.5., Bumper Assembly. A bumper assembly for each arm on the umbilical
tower provides a rigid stop for the swing arms after approximately 135 degrees
of rotation. Basically, the bumper assembly is a channel beam mounted verti-
cally on the tower and installed so that the forward end of the swing arm will
contact the bumper. Rubber pads cover the arm contact area on the bumper to
prevent damage to the arm. A microswitch, mounted on each bumper assembly,
contains a built-in plunger that extends through the bumper. Arm contact with
the plunger actuates the switch, which transmits a signal to the launch con-
trol center, indicating that the arm is fully retracted.

1.1.6. Control Panels. On the umbilical tower, adjacent to each swing
arm, a panel contains the equipment necessary to control the swing arm pneu-
matic and hydraulic systems. Hydraulic and pneumatic accumulators in each
control panel provide a means of precharging the system prior to launch.

Each control panel contains a hand-operated shutoff valve, a pressure
regulator, a pressure gage, and a hand-operated vent valve that control the
pneumatic pressure within the system. Solenoid valves within the control
panel control the pneumatic pressure supplied to the quick-release housing
and the pneumatically operated ball valves in the hydraulic system. These
solenoid valves, which are actuated automatically at liftoff, can be actuated
with a toggle switch on the panel, The hydraulic system is controlled from
the panel by a hand-operated shutoff valve, a 4-way 3-position valve, and
several push-button valves. The hydraulic supply lines contain pneumatically
operated ball valves. The pneumatic actuation pressure for these valves is
controlled by the solenoid valves,

The control panels are constantly purged with 50-psig GN9 during their
operation,

1.2, Swing Arm Operation

Operation of the arms involves: system preparation, rotation into ve-
hicle servicing position, and umbilical release and swing arm rotation at
liftoff. Because the three swing arms operate in essentially the same manner
(the only difference being that swing arm number two has a connector plate
rather than an umbilical housing), only swing arm number one is described.
Figure 3, page 37, represents the swing arm number one hydraulic and pneumatic
systems and should be used in connection with the text.



1.2.1,

System Preparation. Before the swing arm can be operated,

Hydraulic Accumulator A3000 must be filled and then the pneumatic system

pressurized,

The hydraulic accumulator is filled as follows:

a,

d.

The hydraulic pump motor on Hydraulic Power Cart A4850 is
started and the flow control valve on the cart is opened.

Hydraulic fluid is then pumped into the tower hydraulic supply
line.

Manual Tower Valve A5500 is opened and hydraulic fluid flows
through Filter A3020 and Check Valve A3003 into the accumulator.

The accumulator is filled until the fluid forces a piston within
the accumulator to the top and actuates Accumulator Full Indi-
cator Switch A3022,

When pump pressure builds up to 1700 psig, the pump shuts off.

The pneumatic system is pressurized as follows:

a,

C.

1.2.2.

Pneumatic Shutoff Valve A3001 on the swing arm control panel is
opened, allowing 3000-psig GN, from valve panel 5 to flow through
Check Valve A3027 to Pneumatic Regulator A3006.

Pneumatic Regulator A3006 is opened slowly until Pneumatic
Accumulator A3002 is pressurized to the prescribed operating
pressure of 1500 psig, as indicated by Pressure Gage A3005 and
signaled by Pressure Switch A3047. When the prescribed pressure
is reached, Pneumatic Shutoff Valve A3001 is closed. If re-
charging is necessary after the tower has been cleared, Solenoid
Valve A3042 can be remotely opened to bypass the pneumatic shut-
off valve.

A hand-operated shutoff valve is opened on valve panel 5 to
purge the umbilical housing and supply 750-psig GNp for valve
actuation and umbilical housing release.

Rotation into Vehicle Servicing Position. To service the vehicle,

the swing arm must be rotated into position and the umbilical housing secured
to the vehicle as follows:

a.

A toggle switch on the swing arm control panel is moved to the
closed position. The switch energizes normally closed Solenoid
Valve A3018, allowing 750-psig pneumatic pressure to close Ball
Valves A3012 and A3036 in the hydraulic supply line.

Manual Valve A3007 is opened, allowing hydraulic fluid to flow
to 4-way, 3-position Valve A3008, which is positioned to direct
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1.2.3.

hydraulic fluid to the side of Hydraulic Rotary Actuator A3013
that will rotate the swing arm toward the vehicle. As the arm
rotates, the hydraulic fluid in the other side of the rotary
actuator cylinder flows back through the 4-way, 3-position
valve into the hydraulic return line.

When the arm reaches a neutral position, the 4-way, 3-position
valve is moved to the center (closed) position and Push-Button
Valve A3026 is opened. Opening of Valve A3026 allows the hy-
draulic fluid within Lock-Pin Assembly A3021 to flow into the
hydraulic return line. This allows the locking pin to extend
and lock the swing arm in the servicing position.

Push-Button Valve A3009 is opened momentarily to retract the
lock pin just enough to open Ball Valve A3023. Then the piston
within Lanyard Retract Cylinder A3011 is manually extended while
hydraulic fluid is forced from the cylinder through Orifice
A3078, Ball Valve A3023, and Orifice A3035 into the hydraulic
return line. Then Manual Valve A3009 is closed.

After the lanyard cable and piston have been extended, Umbilical
Housing A3060 is positioned against the vehicle umbilical plate
and secured to the vehicle by positioning a ball-lock assembly
in a lock ring on the vehicle umbilical plate.

Hydraulic and Pneumatic Accumulators A3000 and A3002 are re-
charged and Solenoid Valve A3018 is closed. The swing arm is
now ready for vehicle servicing and automatic retraction at
liftoff.

Umbilical Release and Swing Arm Rotation at Liftoff. At liftoff,

the umbilical housing is released and pulled away from the vehicle and the
swing arm is rotated out of the vehicle flight path automatically upon receipt
of a signal from any one of the liftoff switches located on the holddown arms.

a.

The signal from a liftoff switch opens Solenoid Valve A3039 and
allows 750-psig GNo flow to the release mechanism and kickoff
cylinders of Umbilical Housing A3060. The release mechanism
and kickoff cylinders release the umbilical housing and separate
it from the vehicle.

The same signal from the liftoff switch opens Solenoid Valves
A3017 and A3041, allowing 750-psig pneumatic pressure to open
Ball Valves A3012 and A3036 in the hydraulic supply line.
Hydraulic fluid at 1500 psig flows through Check Valve A3004

and into Swing Arm Lock-Pin Assembly A3021, retracting the lock-
ing pin and freeing the swing arm for rotatiom.

As the lock pin retracts, Ball Valve A3023 opens. Hydraulic
fluid flows through Orifice A3078 into Lanyard Retract Cylinder
A3011 and also through Check Valve A3031 into Hydraulic Rotary



Actuator A3013. The lanyard retract cylinder pulls the um-
bilical housing and service lines from the vehicle while the
rotary actuator begins swing arm rotation.

d. As the arm completes 55 degrees of rotation, Ball Valve A3032
is slowly closed by a cam on the top hinge assembly. The clos-
ing of this valve restricts the flow of hydraulic fluid from
the return side of Hydraulic Rotary Actuator A3013, decelerating
the arm. After the arm completes approximately 90 degrees of
rotation, Ball Valve A3032 closes completely, further deceler-
ating the arm by forcing the hydraulic fluid to flow through
Orifice A3044. Relief Valve A3067 prevents excessive pressure
buildup in the hydraulic return line. The hydraulic fluid flows
through Orifice A3077 into the tower hydraulic return line.

e. When the arm completes 130 to 135 degrees of rotation, the arm
contacts the tower bumper assembly. A microswitch in the bumper

assembly signals the launch control center that the swing arm
is fully retracted.

2. SHORT CABLE MASTS

2.1, Short Cable Mast Description

Two short cable masts (figure 2) provide a structural support and a dis-
connect capability for electrical cables and pneumatic service lines required
for checkout and operation of the Saturn vehicle engine components prior to
launch. At liftoff, after the vehicle is approximately two inches off the
pad, the masts disconnect all cables and lines and rotate in a vertical plane
away from the flight path of the vehicle.

The masts are designated short cable masts number two and number four,
indicating their locations next to fins II and IV, The two masts are similar
in construction and operation, the principal differences being the type, size,
and quantity of cables and pneumatic lines required at each fin location.

Each short cable mast system consists of a support platform and mast weldment,
kickoff cylinders, a quick-release housing, a retract cylinder, a latch-back
mechanism, and a trunnion. The actuating mechanisms and structural arrange-
ment of masts number two and four are identical.

2.1.1. Support Platform and Mast Weldment. The support platform, manu-
factured from steel tubing and plate, provides elevation and structural sup-
port for the mast, Three access platforms, mounted on each support platform
and removed before launch, allow personnel to operate and service the short
cable masts,

The mast weldment extends from the support platform to the vehicle umbili-
cal area. The upper portion of the weldment accommodates the quick-release
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housing; the lower portion accommodates the retract cylinder and allows for
extension or retraction of the weldment.

2.1.2. Kickoff Cylinders. Two spring-loaded kickoff cylinders mechani-
cally eject the quick-release housing from the vehicle. The cylinders are
secured to the upper bracket arms of the mast weldment by special hinges and
are inserted in special pin-holddown devices on the vehicle. At 1liftoff,
vehicle motion forces the pistons to compress the springs. After two inches
of vertical motion, the pistons bottom within the cylinders and push the mast
away from the vehicle. The kickoff cylinders are also used in prelaunch

testing of the mast by pressurizing the cylinders to eject the mast and the
quick-release housing.

2.1.3. Quick Release Housing. In the upper end of the mast weldment,
a quick-release housing contains all electrical cables and pneumatic service
line connectors that link the vehicle with the ground servicing systems. A
ball-lock and release pin assembly holds the housing in position. A release
arm is attached to one end of the pin assembly and a roller is mounted on
the other end. As the vehicle lifts approximately two inches, the roller
moves down a groove in the mast arm and encounters a cam, which pivots the
release arm about a pin, forcing the release pin assembly to retract. This
frees the quick-release housing from the vehicle. During prelaunch checkouts,
the ball-lock and release pin assembly releases pneumatically.

2.1.4, Retract Cylinder. A double-acting, pneumatic retract cylinder
supplies the force that retracts the cable mast during launch. At T-5 seconds,
750-psig GNp is applied to the top of the retract cylinder and is opposed by
constantly-venting 50-psig GN2 at the bottom of the cylinder. This opposing
pressure cushions the mast at the end of its retraction. A secondary signal,
sent to a separate valve simultaneously with the commit signal, results in
another supply of 750-psig GN9 to the top of the cylinder during retraction.

2.1.5. TLatch-Back Mechanism. A latch-back mechanism, bracketed between
the mast weldment and the trunnion, provides a positive lock for the mast in
any of the three retracted positions. This lock keeps the mast from rebound-
ing into the vehicle flight path. The first position holds the mast about
four inches from the vehicle to prevent its striking the vehicle during manual
erection. The middle latch position secures the mast out of the anticipated
vehicle drift envelope. The kickoff cylinders should force the mast to this
position even if a failure occurs in the pneumatic retraction system. The
third position latches the mechanism in the fully retracted position.

2.1.6. Trunnion. The trunnion provides a mounting point and a pivot
for the mast weldment and allows vertical mast adjustment. A latch bracket
and retraction cylinder pivot brackets are mounted on the trunnion.

2.2. Short Cable Mast Operation

Mast number two and mast number four operate identically; therefore,
only the operation of mast number two is discussed. Figure 5, page 41,



represents the short cable mast system and should be used in conjunction with
the text.

2.2,1, Mast Erection

a. The latch mechanism is released and the mast moved manually
toward the vehicle.

b. Kickoff Cylinders A6511 and A6526 are inserted into vehicle
pin holddown devices.

c. Vent Port Check Valve A6523 is removed and a variable (250 to
750 psig) GN2 supply is attached to Orifice A6516 to supply
pneumatic pressure to the bottom of Retract Cylinder A6522.

d. As the retract cylinder is gradually pressurized, the mast
moves closer to the vehicle and Ball-Lock Release Pin A6500
is guided into the vehicle plate receptacle. The kickoff cyl-
inders compress further as the mast moves toward the vehicle.

e. The housing is secured to the vehicle plate and pressure is
bled from the auxiliary pneumatic line and the retraction cyl-
inder. Then the auxiliary line is removed and Vent Port Check
Valve A6523 is reinstalled.

f. All service lines are connected to their proper nipples and
connectors on the quick-release housing, and are secured.

2.2.2, Automatic Mast Retraction

a. At T-5 seconds, Solenoid Valve A5602 opens, allowing 750-psig
GN9 flow through Check Valve A6514 to prepressurize the upper
part of Retract Cylinder A6522. The pneumatic pressure also
flows through Pressure Regulator A6518 and Check Valve A6517
into the lower part of the retract cylinder. Pressure in the
bottom of the retract cylinder vents through Orifice A6516 and
Check Valve A6523. A secondary signal, concurrent with the
launch commit signal at T+3.75 seconds, opens Solenoid Valve
A5603, allowing 750-psig GNj backup pressure to flow through
Check Valve A6520 into the mast retract system.

b. At liftoff, the quick-release housing (still in servicing posi-
tion) will move up with the vehicle.

c. The vehicle ends of Kickoff Cylinders A6511 and A6526 also move
up with the vehicle, further compressing the kickoff cylinder
springs.

d. The roller on the release arm of the quick-release housing moves
along the mast arm slot, After approximately two inches of
vehicle motion, the release arm pivots and disengages Ball-Lock




and Release Pin Assembly A6500, releasing the quick-release
housing. Simultaneously, the pistons within the kickoff
cylinders bottom and provide an outward force on the mast weld-
ment.,

e. The kickoff cylinders provide enough outward force to disconnect
the cable and line connectors from the vehicle. The springs
within the cylinders help to accelerate the mast away from the
vehicle.

f. As disconnect occurs, Retract Cylinder A6522 pulls the mast
away from the vehicle. Constantly-venting 50-psig GNy in the
bottom of the retract cylinder cushions mast travel.

g. As the mast reaches the end of its travel, the latch-back
mechanism engages, preventing the mast from rebounding into the

vehicle flight path or, in the event of pneumatic failure, from
falling back into the vehicle.

3. FUEL AND LOX MASTS

3.1. Fuel and LOX Mast Description

The fuel and the LOX masts (figure 2) are pivoting structures that pro-
vide the final link between the propellant transfer lines and the vehicle
filling nozzles. The fuel mast is installed between fin I and stub fin I,
the LOX mast between stub fin II and fin III.

The basic structural configuration and operation of the masts are the
same, the principal differences being that the fuel mast is eighteen inches
longer and contains a turbine exhaust duct. Manual control for mast erection
and retraction is provided by a pneumatic valve box mounted on each mast
support stand. Automatic retraction at liftoff is provided by an electrically
controlled pneumatic system.

Each mast consists basically of a retractable coupling assembly, cylinder
assemblies, retracting assembly, mast arrestor, mounting assembly, valve
box assembly, and pneumatic lines.

3.1.1, Retractable Coupling Assembly. The retractable coupling assembly
is a mechanically actuated, telescoping device that mates the mast to the ve-
hicle filling nozzle. The coupling assembly consists primarily of a guide
assembly and a bellows assembly mounted in a shield assembly. The guide as-
sembly aligns the coupling assembly with the vehicle filling nozzle during
mast erection. The bellows assembly consists of an inner sleeve weldment,
bellows, and outer sleeve assembly that are mounted inside the shield so that
the shield assembly and outer sleeve will telescope over the inner sleeve
weldment when an external force is applied. This configuration provides




leak-free passage of propellant to the vehicle. During erection, the bellows
is compressed by two spring-loaded pneumatic cylinder assemblies under 750-
psig GNp pressure. When the pressure is vented from these cylinders, the
recoil forces of the bellows, combined with the forces of the spring-lcaded
cylinders, force the coupling assembly over the vehicle nozzle. A teflon seal
in the retractable coupling assembly provides a positive seal with the ve-
hicle filling nozzle. During retraction operations before launch, the
coupling assembly retracts pneumatically. Vehicle motion at liftoff provides
adequate clearance for mast retraction. The flexibility of the coupling as-
sembly prevents damage to the mast during launch operations,

3.1.2. Cylinder Assemblies. Two cylinder assemblies on each mast retract
and extend the retractable coupling assembly. Each cylinder assembly consists
primarily of two clevises, a piston rod, a spring, a pressure port, and a
cylinder body. One clevis connects the piston to the retractable coupling
assembly; the other connects the cylinder body to the upper pipe weldment.

The spring in the cylinder is preloaded to maintain the piston (with the
retractable coupling assembly attached) in the extended position. To retract
the coupling assembly, 750-psig GNo enters the cylinder through a port above
the piston and forces the piston downward within the cylinder., When the cyl-
inder is vented, the spring and bellows extend, returning all components to
their normal (extended) positionms.

3.1.3. Retracting Assembly. The retracting assembly, an adjustable pneu-
matic cylinder, pivots the upper portion of the mast into position under the
vehicle nozzle; or, upon signal, rotates the mast away from the vehicle. The
retracting assembly consists of a pneumatic cylinder, an adjustment wheel, a
clevis, and an upper and a lower pneumatic port. The cylinder support is
attached to a trunnion support on the mounting assembly, and the clevis con-
nects the pneumatic cylinder piston rod to a support bracket on the upper
mast. 750-psig GNjp, applied through the upper pneumatic port, forces the
piston downward. This force, transmitted through the piston rod to the sup-
port bracket, pivots the mast away from the vehicle. GNj, supplied at ap~
proximately 180-psig through the lower pneumatic port, decelerates and cushions
the mast during retraction.

Applying pneumatic pressure to the lower pneumatic port and venting the
upper portion of the cylinder, returns the mast to the erect position. The
adjustment wheel is used to align the mast with the vehicle nozzle.

3.1.4. Mast Arrestor. The mast arrestor automatically secures the mast
in its retracted position, preventing the mast from rebounding into the ve-
hicle flight path or falling back into the vehicle should pneumatic failure
occur during liftoff., The arrestor consists of a mounting bracket that at-
taches to the retracting assembly pneumatic cylinder, a dual arrestor hook,
and an arrestor pneumatic cylinder, spring-loaded to the arresting position.
The spring load of the arrestor pneumatic cylinder retains the hook in the
locked position until pneumatic pressure overcomes the spring tension and
pivots the hook to its released position.

10
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3.1.5. Mounting Assembly. The mounting assembly, the connecting link
between the upper and lower pipe weldments, is secured to the support stand.
It has a trunnion support to which the retracting assembly and support
brackets are connected; an adjustment ring, which provides height adjustment
of the mast to attain the correct clearance between the retractable coupling

assembly and vehicle filling nozzle; and adjustment screws, which allow lateral
adjustment of the mast.

3.1.6, Valve Box Assembly. The valve box assembly on the support stand
provides manual and automatic control of pneumatic pressure for mast opera-
tion. Manual control of pneumatic circuits for mast erection, retractionm,
and checkout utilizes button-operated valves mounted through an access panel.
The valve box also contains a multi-ported manifold, orifices, check valves,
a regulator, relief valves, and pneumatic tubing. Pneumatic pressure for
automatic retraction of the mast at liftoff is controlled by a normally-
closed solenoid valve in the launcher pedestal valve box.

3.1.7. Turbine Exhaust Duct. The turbine exhaust duct on the fuel mast
support structure provides a vent through the fuel mast assembly for hot
gases from the turbine of H-1 engine number five. The duct collects and
routes the exhaust gases through the mast support stand to the atmosphere.

3.2. Fuel and LOX Mast Operation

The fuel and LOX masts are erected prior to launch and aligned by using
the valve box assembly on the mast support stand. The masts retract automat-
ically at launch. Since the two masts operate in the same manner, only the
fuel mast operation is discussed. Figure 5, page 41, represents the fuel and
10X mast systems and should be used in conjunction with the text.

3.2.1. Fuel Mast Erection. The fuel mast assembly is erected to the
servicing position as follows:

a, Button-Operated Valve A4511 on the valve box assembly is
opened, allowing 750-psig GNp flow through Check Valve A4515
into Cylinder Assemblies A4502 and A4503. These cylinder
assemblies then retract Retractable Coupling Assembly A4500,
The GN2 also flows to mast Arrestor Cylinder A4508, re-
leasing the mast arrestor mechanism, Simultaneously, 750-psig
GN2 flows through Check Valve A4512, Orifice A4527, and the
retract port of Retract Cylinder A4504, holding the mast in
its retracted position.

b. Button-Operated Valve A4511 is closed, trapping the pneumatic
pressure within the system to keep the coupling assembly and
the mast assembly in the retracted position.

c. Button-Operated Valves A4514 and A4516 are opened. These
valves are mechanically linked and are actuated by a single
control. Opening these valves supplies 750-psig GNj to the
erect port of Retract Cylinder A4504 and vents the pneumatic
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pressure from the retract port of the retraction cylinder
through Orifice A4513 and Vent Valve A4514. The mast then
moves slowly into position under the vehicle filling nozzle,
with the coupling assembly still in the retracted position.

d. Button-Operated Valves A4514 and A4516 are closed when the mast
reaches the erect (servicing) position, with the retractable
coupling assembly directly under the vehicle filling nozzle.

e. Button-Operated Vent Valve A4521 is opened, venting the entire
mast assembly. Venting of Cylinder Assemblies A4502 and A4503
allows the springs within the cylinders to extend the retract-
able coupling assembly, thereby mating the coupling assembly
to the vehicle filling nozzle. The venting of mast Arrestor
Cylinder A4508 allows the arrestor hook to return to its normal
(arresting) position.

3.2.2. Automatic Mast Retraction., Automatic mast retraction at launch
occurs as follows:

a, A holddown-arm release signal actuates Solenoid Valve A5601 on
the launcher, allowing 750-psig GNp flow through Check Valve
A4523 to the retract port of Retract Cylinder A4504.

b. The 750-psig pneumatic pressure forces the piston to the bottom
of Retract Cylinder A4504, thus retracting the mast assembly.

c. OGNy at 750 psig also flows through Pressure Regulator A4522,
Relief Valve A4520, and Check Valve A4519 to the erect port of
the Retract Cylinder A4504 to provide 180-psig GN; for mast
deceleration and cushioning.

d. As the mast reaches the maximum retracted position, the mast
arrestor latches, preventing the mast from rebounding into the

vehicle flight path or falling forward should pneumatic failure
occur,

4. HOLDDOWN ARMS

4.1. Holddown Arm Description

Eight identical holddown assemblies (figure 2) support the vehicle and
prevent lift until receipt of the commit signal. One holddown-arm assembly
is located under each main fin and stub fin.

The holddown arms are operated by 750-psig helium supplied from valve
panel 10 through a panel on the launcher. The controlling solenoids in the
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release panels are electrically connected to the sequencing computer within
the launch control center for proper sequencing.

The holddown-arm assemblies are seven-feet-high, cast steel structures
that are bolted to the launcher. Each consists primarily of an arm and two
pin-jointed links. The arm (figure 6, page 43) is joined to the frame at
pin joint "A," allowing the arm to pivot upward and away from the vehicle
tie-down points. The other end of the arm is supported at joint "B" by an
assembly composed of two pin-jointed links., These links are joined end to
end and attached to the holddown frame at joint "D." The connecting joint
between these two links (pin joint "C") is connected to a pneumatically-
released ball-lock separator. The links are designed so that they slant in-
ward toward the vehicle. The ball-lock separator assembly is equipped with
a swivel nut, which moves the link assembly outward and imposes a preload
against the outrigger support (pin joint "B")., When pneumatic pressure re-
leases the ball-lock separator at pin joint "C," the reaction to the preload
causes the holddown arm to rotate around its pivot point (pin joint "A"),
thus releasing the vehicle, As the link assembly folds downward, rotating
about joint "D," the lower link encounters a replaceable shear pin module
which absorbs kinetic energy and decelerates the motion of the arms and links.
Arm motion breaks contact with a microswitch, indicating in the launch con-
trol center that the holddown arms have released.

4.2, Holddown Arm Operation (figure 6)

The operation of the holddown arms consists of: attachment of the arms
to the vehicle, pressurization of the release panel, and release of the hold-
down arms for vehicle liftoff.

4.2.1. Release Panel Pressurization. After the holddown arms are
attached to the vehicle holddown points and the prescribed preload is placed
on the ball-lock device, the system is ready for pressurization as follows:

a. Manual Valve A4444 on the holddown-arms release panel is opened,
allowing 750-psig helium to flow from valve panel 10 through
Check Valve A4443 into Pneumatic Accumulator A4441. The pres-
sure within the system is indicated by Pressure Gage A4440,

b. Pressure Switch A4418 actuates at approximately 625 psig to
close a relay in the engine ignition arming circuitry.

4.2.2. Holddown-Arms Release. The holddown-arms release sequence is
as follows:

a. When the H-1 engines have reached rated thrust and the engine
hydraulic system has reached operating pressure, a signal from
the launch control center energizes Solenoid Valves A4416 and
A4417 and allows 750-psig helium to flow from Pneumatic
Accumulator A4441 and the 750-psig He supply to Manifold A5687.

13



The 750-psig helium flows simultaneously from Manifold A5687
to each holddown-arm assembly. Because all holddown arms
operate identically and simultaneously, the operation of only
one arm is described. Helium flows to Quick-Release Mechanism
A4400, located at fin I, through Manual Valve A4431, This
releases the ball-lock separator and allows the preload on the
holddown arm to force the holddown arm to the release position.
The lower link of the holddown-arm assembly shears the pins in
the shear pin module and comes to rest., Switch A4411 actuates
the fin I release indicator in the launch control center.
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